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—> To c,f.a'r(ﬁj a.nj tode Uou ave wnf‘seA,
b know

wee  cout Stalewments evewy where

whot s 8oina v n the cde
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Le’;-f ' d seancia<_ e= wmid -1 3
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switch (expression)
F~ { mesied switeh

cose veluel .

CohAE
e;x.e,ud:\'wa bod:j 1
bveak
che volue 2.
eaewnhn g bodﬂ 2
byeak mot

coge Velue m:
ex.e,w.'b'na Boc{j N
brealk

clezfm(:f !

e_xe,c,u.ln'na b"‘l_‘j
i

_sall below exewting boij will also  exewde

—  tombivue  comnot be used v switch  cose

N— con GY\LJ we in loo[;vs



Funcbom - WZ-L3

L> P'wa‘w.m Livked vor well cletfine‘[ task.

—  why

> reusable

veadable

— W thout
—> b-d.kj

—'?b\l-ﬂaj 'ljc Mlé‘ta.k.ea m an'j f]_o.cz,

Sa n-l;oht =
~edhurn tﬂpe ,f:mub'mnme, ( infu:t Po.name,{:ﬂ.‘m)i

} ﬁm(_b'm e)Le,uA_é\'na bo:LJ

void — Crvtrfj /'no value

it wmain () 5_ > vetuyms O +4 Oloe;ra:ﬁna Sas-l-em
vyeturn 0O; >0 is used as means o_F
I sucessful  execution

— a cfp f‘le tont love wove than 1 wmain »ﬁmob'm

—> main cant thave -~veburn -I;‘-”Je- otbery Han mE  in

offine. wmril.ef



‘ GCU ack,
Funcbiom St ,ch:{"'svl coll €= ,)Qmut\'m mvoke
Stock.

L Jost ITn Fivst Ot

tells s phot ‘F"‘"H""“s

— pwhich Fmdf"ﬁvl calls  which
|5 local  vaiobles of funchiow
L5 vebuwrn 'l'd pe of function

L,ei:!; main ()1 5 void ’m'vd:,a (int a) i void ]nivd:_lo (iat b)
LEM— ar; / s, /Q} tout ¢< by
print.a (&) int b=3; 7
nebirm 05 print_6 (£);

t
b vetun <-J
+ 0S

- FTiwf:-b()—

_ 2 Fn'ﬂ‘t,a() > Fr;.,._-t,ﬁ()e7
in0) main () wain ()
L
S — =

P’ﬁv\‘k-—a()'7

wainl() 7 main () 4

&

05



foss b\!j volue
L—-} a topy will  be created ,,_)ﬁ variables

Pa«ame,{'ear
int wain() { Void ,:rn‘n{']\lumlae_v Lint &){,
int a=5, touk <& a;
at+;
PYanNum'oeY (a), tout <<4;
touk cc a ) a:r‘au.mem‘l.’ }
A Aa A,
5 5 —> | 6

Alﬁ. W\,MOU VIR wrj
Locabovis

Addvess Of Operaov &

mt m=5,

ouk 22 M

> owf:rui:'
address D-F n

i:{' aain () § sint add (wt a, imt b) i
mt o= Z; \JM-L— result = atb;
int b= 3; /\754147;'\ ‘re.Su.H:;,
int Sum= add(a,b); }

COK’: PR3 Sum/ _ ﬂz
veturn 0 A
} \ 7 vyesult
v
Ons Suwm




Function Ovdes

Ovder 1 Ovder 2 ‘
> ﬁ;.nch'm declayation

int add (int & int b){ ,f:mc,Ho'V\
"’ | decdavathon {fn’t' odd (_M‘l’ a , fnt b),'

yeturm atbh) - |
} definiHon int  main () §
int  mmain () § int a= 3
int a= 3, int b= S;
int b= 5; it sum= add (a,b)
it sum= add (a,b); toud 2¢ sum;
toul ¢¢ Sum; veturn O}
veturn O, }
} functon int add (it a, iat b){
definibion veturm atb,

/. oppudri —> freavy openatoy
L <0 by do use it less



BTS/\> Reliind The Stenes WZ-L4

it Num=9;

A
Symabol +oble 2

num

iﬂi'{' Num e—-> p‘
\ \) mme Locaivo'vl Of’ vmﬂ'a.lo[&

v
dotodype “Vovisble mame

vaviable ‘YVla-’JPI'/Ld it oddress s stoved

wouwt <<num |

Sam(ool table — A, > O
(addvess) (value)
while loor
int (=0, > initializatiym
/\ b LC
while (ie 5) i > conr.lvhm
tout ¢cc ice e,vnd.l.‘, , bOJS
i.{"\", \\—/? '—LFclaid-{"m
}
fLovo
e
mibalizabovy ——>  condiblovi ———> exit
< | e
bod\j .
(wvﬂ'a-inma

ur)da:l'a.H ov)



left and ight shift openators

wt a= 2

a<<i | >mo  change

ouk ¢ a, > 2

o= a <<\, > df.omac, > laf-(— sbiff b&i—
out cca, > 4

'r-'ﬁbd' S&A;-F‘l' n -ve Wo.

L— lnk in links. et 12 vepo
How -1 is shoved  in memovy -

1....11 — vead jelgvvl Wmoz:j

|

[ T— -—(Q‘l’ 1) aﬂA- N(N&): o

ext— a=5,—>0...0 101

Q= ~ B s 41...1010 — -¢&

> ~(8+r1)
..0t11to0
a= -6, L
L 1..1010
az=vVa) > 0.--0104

L —-5— - (-6+1)



Number System
. W2-R

|_> pethrod Jo rye,r-ruen‘f.' mumevic  values u.sind Jfa”’&

Decimal Number SJskm

L tase 10
L 4;6;4—4 — 0 4 9

5ina15 Number ..Sds-l-em

— fase 2

I—> c'ia'r{% — 0, 1

> used m CPU, memovy, wmru:l:e*l

— 0 —> Power of*f

> 1 — POW81 on

L—> mumber, 1‘maﬁu, all f.'lu & ﬁldey axe in ‘oivna.TJ

DPecimol o Bivary
—> dinde ao. bj 2
s stove vemainder

—>~refeat obove .s-l-epxs unfil no. e O ovl

L yevewse +he bids so obtaived



'Bl'vm"ta o PDedimal

—> muL-Hr!J eoch bik wth s rlace. value
L’ buei
I_>2:

—? GAJA a.u F'roJlLb"'Z



Time & Sra.ue, Cow.Fle'xHﬂ

W3-R

Time &mrt&x:{j

—> amount of tme taken by an A.ljo
as a funchion of le_ﬂa‘l'tt of inpit
—> ot achual time

—> it Je,)c.'vte/s CcPU ore‘w.HM

> we wise -

- 4  woke e_ff\'u'e,n-l— rwdramA

L ask L\j ludevviewer a—Fl-ex e,ve.vJ sal. gou @ive,

5Fm Cow\rtew.i’g

|—> amount o)c SF‘ML tolen b\j on a.’ﬂo
os a _Jl;.‘nc.h'svl o)c le_nd‘]'tt o]c )'n’)u.'f,'

Units 4o 'mln'uen% &mph%”g\j

Eia 0

> u.PFe.Y bound > wovst  cabde

Thete B — avenage cose

Omeﬂo. 0O — lowex bound > best case



Bia (&) comrlex:‘l'ieé

>  (onstant Awme

0 (1)

0 (W) > Lineay 4Hwme
O(lﬂag_ﬂ)% Loaam'-l'&tmia fime

O('n"') —_— Quad‘ra-h'o Hwme

O (m™>) > Cubic +Hwme
meskna > wmwulbiply
> odd

n .sg;,ue,nce.

o(n™)

) 0 (m)
/ 0(1)

o(4™)

/ ollegm)

—

1

,)C(,,\)___ Hv\“+ n3+ loﬁ'ﬂ + 'Ylboz’n

&)mplexi kj Ovdev

O (1

< o(n® < ol2™ < o(n) <o

— o(m"

) ¢ o(logm) < o(dm) < o(m) < O(mloggn) < O™



ARRARY W3-L1

— Dato Shucture o shove Siwmllay Hews
L came da:ta.{sze,

—— Conbwuous me,vno‘lj loca:l:\'m s[aa.be,

> we  cose
G pe wulbple  buge same Kind of data
, 30000 Vaviables &ve veady

't alz00007

conbnuous 'Memovtj loceh sm.

|—> memory wms(née,
if meedab le memov¥y 14 Fyesen'b but ot

in

onbvuuows —),Jag
nt a= S; .sUmboL table
A mt a «— A
int orr <> A
a
Dedayotim
int 0.7‘(1:5]; 0,49
AI Aﬁ'” A‘)‘I‘l?— }A|+16
&T?_\/\)

L— conbuuous spece

s LM& a.cUYeM



lout ¢¢ oar(

touk 2¢ Xaamr ; > A,

Tnitializaion
IIV\.+ oYY L:': {2,”, 6, 9- |0},

int ad‘fz.f.sl-'- ;_2!'4: 6, 90‘°};

mt avyr3llol-= iz,q’ 6,9, Iof, > '*re,vv\m'n\'na S will be D

J/ink aw4lul =12:4, 6,8,}; > ERROR
mt oawrs [0l = ;,0}', > llvl.ll‘HD.l.\.'L:Y\a oIl values
with O
W4AKM6 avroy ot Tuntime
int 7y
tin 2> M)

— 5> B3AD PRACTICE

mt  avv[nl;

Tndex  and Acess in Memovy

mt aw[s] = i'oi 2.0, 30}; \\—‘> O%t based 'wxcle)t\'vna

pho 1 2 3 4 I—; O + wm-I
o |20 30| 0|0
a.:ﬂ)
; g3
axrv [0]
avr[2] o [3]  owv[4]

v
oy (1]



> volue ot odolvess [avr -|-C{a—1—1)]

ST

Aats U&j O based ivtc]e,x;w@ ividex (da:l'o-t”?er size)

\ sdue to indernal Wkina

-l:a.kina ivtlowl:‘ " owvoy

avr [il

k"’ CM 2> oy [,]-,

Avroys  and Function
L“> fmo( imt awld, int size) ]

} Fa.w bj reference
uFJa:HUVl m A.DI'W.LL a?("(a\y

>aiwans pass size alcmawH-& ory

it aia () void fune (iat all, iwt sie)]
mt avr[]=15,¢f, afo] = afol +Io)
mt size = 2 }
jﬁmo ( avr, size) ;
rehorn 0
3
Bis| 6

axy



sizeof ( int); PH ——> i bytes
int owr [S],

SW > 20 ———> in b\g-te,s)

Linesy Seavebh in avvoy

TNT_MIN  and INT-MAX
— b fad wan. , stork ans  with INT-MIN

— b *FV\J win, shoxt ang  with INT-MAX

’

2 roiv\-l:ef a.rrmc-(/u

=~

use of 2 vaviables os extreme Foiw‘bs

end

To #wd Size o-F array
mt arvrl1=91,2,2, 4%;

int size = sizeof (avy) / size,of-( jt) ;
> Axba.’g_\fpe,



veet W3-L2

| Data stucture

—> Same oA awray but cldna.mic,
L scize mot {-‘me‘[

—> default size =70

—> if ae;bs full and  new ilems ave inseried

size ae‘f'b doubled

> Fa.évs b:j value iwn )({Md—i,;vys

jnil:io.l.a‘za‘ﬁm
vectoy <int > avy 5_10,9.0, 30}; > 10 20 | 20
vedkor <int? avy (5), s To TaTo T 5
veetoy <t 7 avy (5, -2);
/ \ \>
it m size % lee 2]-2]-2]2]-2
cin>2N; S let Mm=5
ve,d'w < ink > ow(—y\); > o 5 To o 5
vecdoy <int> avy (m,1°)]
’ ,\ 10 |o |o lo lo
Tngevhon -
dedovebon

ori. pushbadk (s,
vectory <intk> avy,

> asth, 8ize() —> 0O

Remove

ATC ror.— back (); —> ary. Cﬂrad‘lﬁ( )—0

Size -
avv. size ()
— mo. of elementz it otores



oy, e,vvnrl:j (7, > e if ew\r{j

Co.f&d{:'j -
O c_ara-c—”:j (),

> *",j 2 .')C avy ao—l—a )cullj ,ﬁ'llec!

ond o mew element I8 wsevled

L\ 0. o—f e,’.eme,ﬂ'l’é i+ can Shove
in ol wethods

5 in inibelizabov c.aro\ul:\j = Size

> cow»Fr' lev Jefe,ncle,n—f:
in?-l:l'o.“J

;ize,of— (avv)

owt << avy 3 ——————> aive, ERROR

—y Xox —> (ancels ot same element

>0%1=1
OAau = and
‘)q""eﬂ-d"v toof

«fW(mbo val ° a—n'){
wult ¢¢ val <€ "



2D Arrays W3_L3
|—> Use case

|—> b work om 'ww.l{iP[e, qows and olumna

Dedavation -

int avy [mIind;
| L > cwls > 0 4o m-1
5> Yow3d >0 4o m-1
imt avy [2][37;
visualize - i memovy -
> wls
Jo 20 |20 @ o 1 2 3 4 =
° > |10 |20 [20 [40 |50 |60
1| Ho S0 | 6° 'mo.ﬂ:ina_ Ay \

Fow.& 0 1 2 o 1 ~oro 2

Recess -
oy Li7 [J] ) .
| L 5 wl index cgem
> o0 indexx  0S Lem
Mﬂﬂ?l"ﬂ i 1= Linear_index / o

\

lneay —ivde = € * i +J

/ / J
o, of wls An&cx
Tow indea



Thikielizabon -

mt evr [2] (37

{§10,20, 30%, 4o, S0, 6ok§

visualize - .
n wxe,vnofj—
> wls
O] 10 20 |20 > o 1 2 3 H S
lo [ 20 |30 (Yo | So | 60
1| Ho | 5° 6o 'wmfrina -y
o) R/——"
FoWr.8 i 2 yow 1 Yoo 2

2D Avrays and funchen-
|—7 FA«S/S |oJ ‘K’Erfe\’enbe—
jﬂmc ( avv (31 [500], iat wows, mt wls)

Cn.nno-l' leave lol.ank_,

v .
this value and w&\j "f’ dont lnow , rvd? lo:rae, value
no. ojc ols v w
. fox mapping
n a-rraﬂ .
f’MnSe.J " 4FAVIC 5 linear_indea = ¥ i _|,J
should be same

L So that comlpile'r can know

2D ﬂ'rmj -
L 4o wmoke A‘jnmiaxlB
|—> vecto¥ o—f vectoxs



2D Vectoy

'Decl&Yn:HdVl -
in memovy

vectory Cvectoy € int 77 avy /
| |‘ > avv[0] > vectov
| > avy [1] > vectov
| > avv [2] > vectov
| |—> avy [3] > vecdov
| H > avy [4] > vecdoy

axv
'Deda-Ya.‘HdVl -

vector < vechor Link >7 avr /—>'V\.o. of ows

veckor < veckor cint 77 avy (™)

Numbey o»)c ~owA Number o)ﬁ cols

a~xvy. gize () ave [il. size ()

> size of it YoLo

Tnitialization

vector < vector cint »> avr size velue

-~

vechoy < veskoy < it > > avy (mows , (vechor cint 7 (cols , value));
W‘J

Tows —> Mo. o-f Yyows  in ary inhalization °)c iD
wls — mo. of wls in 2w vectovs m oY
> Size o.F 1D aroys
valie —> tiHal  value in ol elements
o{’ all 1D vectors



vector Sveddoy < it > > avy (2, veckov<ink Z(4, 101));

k» 1ol | 101 | o1 | 104

101 | 1oL | 101 | dod

ary



5&nohina and 601{:1'06 W4-Ll
529:1(:&.'()6

Lineay Seanch
it lineay Seasch ( vector cint > avvy, int %a:rde:b){
Mt M = arr. sizel);
ﬁ)f( imt 20y lem | i++)i
3-F ( ‘l’a:rde,{’ == avv[i])

veturn |

§
Te‘l'wrn -1 )

3

T.C - O(m)

‘B;v\awj Searcl -

——% condhovt —  sovded  ovdey —> movotonic qud"m

> Ai"la‘YJ > 2 > gtaxt and end }:o)'vt‘l:e‘r/-s

le,j—-l— 156&4:

A wud e

axy

ilevs < avy[nmid] > ilems > asrfmid]



nt bivla*rﬂSe_a\ndA (int avr[], nt M, int ‘l'a:rae,t'){

mt 2= 0, e=m-1}

int wmid = st+(e-A)/2;
while ( s<=e)
int elewment = arvr{midl;
if (tavget = = element)
vetuvyn  mid;
edse if ( tavget < element)
e=mid - L; — seanch in left sSubavray

else

A= mid +1t;—>seanch n 11’6(4{:

Subawa._j
mid= s+ (e-5)/2 ;
yeturn -1,
1s8ue in wiid = &+e > mt overflow
2} k]

if 4+e < INT-MAX

|—><Sa wsee -widz= A+ £€-A

2, )

T.C - 0! Loalm)



TC. of binary Seanch

%/ z,k’ a.:H'eY k ‘vae,é

ot lopt = 1

}0\3
X

k: lo 2_'Vl
So Loof; Funld loaz'n Hwmes

T.c. = 0(log, ™)

W4-L 2

— Seanch Sra.f.a
— find 'ﬂmae' Of seanch sra.z,e, (.&l‘o:(‘l: & end)
n 71405 o)e Binan Seancth Que&b’svks

L—s stove mid in ans l'—F meeded



— Tn biwwrd Seanch 47ue,.5-b'm

-
ans= mid .
while (s <=e){ s=mid+l while (s<e)] " .
= mid ;] —> ¥ Sean
&= mid +1; tonvert le«F4' ‘S- ""}1 ) ' a
LG»H‘ — e= mwmd-1: P seanch ¢ €= mid —1;
sesnch - ? =mid .. =
‘bnuerf r”J’-c,-_t
&= wmid +1 —> ,,;‘75‘{-
753&'(: eft ¢ e= mid; seanch,
SWL&I. Seanch }

e o (£SO W4-L3

L [t (3.74)]
L -(3)— -3

tout ¢¢ (-22)]7 , ——> -2

wout ¢¢ 22/(-7); — -3

th,oe/s of ques in binwfd geaxch

— 15" Wpe — classic queshons
I_’lowe\' bound

uppex bound
Fe.a-k m  mountain  arya

con also .ﬁnd avvay s e— r-‘vd:' in sorded votated avray

sevled  ov mot seamch n Sorded wotated “""“:j

g‘ F;Vo‘f ‘ndex = mn-1



nd

—> 2 —t‘jre. > -F.'nal in  seanch sloac.e_ ('zanze)hﬁio b douide
—> F‘Mchab& of\lnob'm/’ eitber left ov
Y:’Ge\"'

—> vt of a mo.
divide 2 numbers

Advance Bivwrj Seomc Problems
L— Book  allocstion
Faintevs FPavbbon
Aaﬁ-rmive Cows

KO‘B / Pa.‘ra:l&a. SPoJ

Eko Spo

— 37 JUFe — obsevvabsovy M iadex

|—> 'Wliasiv\a element In Sovded a-rro.:]
odd awama element in arvay

<5mrb'a6 W4-L5

|—> rul’bnﬁ all elevients eithey ™

Mereas i“(j' o¥dey ov Jacreaasinﬁ ovdet



Selech'on Sovi-—

—> gelect mimimum  element and Fm‘: STV R 3
7;'68«1: Fo,sz'b'zm

> select  covveet  elewment {’o*{ % index

L

Mmimum

void aselechon Sost [ int avr[], int 'nJ{
forLint =0 iem-15 i)
Mmini = 1;
for ( int J=it+1 Jens J¥+) 1]
,'_)C ( avv[wini] > amrf,j])

winl = J,'

}
'SMP (a,-n'fi] , Ay ['mim'.v,'

‘} @ th covrect element

} /_} i here

i
sovted —— unSovted ——>

T.C. O(m?)
sc. 0(1)

Use Lase ~ for swmall size axrray



Bubble Sort -
|—> m it yound wa i Laxaos{— elewment

b its  ovvect Po&ib’:m M/SMa od J'acent comparisions

Void bubble Sovt ( int owr[], iat m)]
frolink izo; icm-1; i44)]
bool swapping = fulse;
frlint j= 05 jem-i-1 ;5 jeed]
if (avrlj] > avv[j+1])]§
swa’p(an [J'], avy EJ’+1J),'
Swapping = drue |

f
if ( Swapping = = folse)

byeak.;
[ Yeverse sovted
T.C. - O(m* > Worst and average  case
0 (m) > best case —> al’Y(AJJ Sovted
sc.—- 0(1)

Uge Cose - To Pu'b ith La.-rﬂe,&é elewent b it  corvect

looél"Hm



Thsexbon Soxt -
|—> toke an element and insert £ em b8
tovvect ,oozsib'o'n by .Shf{'h’n&
void  inserbnSoct [ int avr [], iak m)z
‘F”Y[ mt iz 4 Jemy i++)]
int  ewry = awr[il]
int J': i-1,
,Fm,( ; j7=0 J—‘)f
;,F(aw[\j] > YY)
avy [j+1] = awljl; |/ shif+ing

else
bveak

§

avy [J+‘t1 = wyy, in.se‘f‘gwa

}

TLC. - O(m?)

> povst 4 avevage cose

O(mn) —— best cakge

8¢ - 0(1)

Uee Cose - When awad is Small o¥ when awnﬂ
14 f4154ﬂ3 sovted



Iﬂ bul [t sort f;nch'm
— sovt (arr. Beﬂ""“; avr. end (3);

| alﬁo wsed & TIntro Sort

(
h\\jb'n'cl of Tu'ok So:’/‘t, Le_a.r .SOY{', imsevhom <Sovi

L ovin.  hwme  then avlJ of other sovt

T C. - O(mloa‘n)

S.C. - Not 'D&f-'weJ

Stable and  Unstable H’[Jorf#fm
Stable — pvdexr presewe oftex .Soﬁina

|—> of Same values

Stable wa'na H’(go . o
if ALil= A §j3 . el

2 1 2 3 ‘f L
then ALi]l comes frst befove
Sothn
\(/ aftes d A L)1 affex Sof**nj o
12 2 3
Stable - Bubbe Sovt, TInsertiom 50‘(f' Mevae Sort,
Cou.vn{' SO‘Y‘[’

Otey (unstable) sofb'na a.(dovi{ﬁms can be wade siable

bj Some ohana&s



TC. and S.C Sorb’nﬁ Aﬁo‘ril‘&m Table

Aldo S. C. Wovst T.C. ,4\/3. TC. Best TLC.
Selechom o (1) O(m?%) o(m?) O(m?)
Bubble 0 (1) 0 (m%) 0 (n») O (m)
Tnsexbm 0(1) o(n*) 0 (m*) 0(m)
sar{— ‘f“‘"c' 'YlD‘l‘.' 'Y\lo Ylla zn n
(;Whm cord) Jeﬁ'we,A O ( 67’1) ol il ) o ( Laa'h)




cHAR ARRAYS 4 STRING \y& |1

C bhax ﬂ‘rfajé -

L Dute shichire. —— used  shre dota

Not Da&a. '&er, > Hells 'ﬁp& O‘F Ja.‘f&,

chay cb[5];

qv av 8v 8\/ av

ch

Ta,kiw.a inr,mt in  char &TYAﬂ
chay e (7]

cin >> al«[i];

cn > c,fa , _— bd de_fa.wl: NULL chay wi“.

S o

imsext at end

l

NULL chay Shows Shl'na {evmivabov

> e Teads unbl Gt aet‘zs any while space
I_} SP&C& [
4ob ‘\t’
endl ‘\m’

ok 2¢ el ; > /J-n'vrl' unbl F 264’4 delivredey



GL\A’Y c,e\ [iOJ;

cin »> eh, —— Wijwal

K&fwe i buﬁév memaovy
N

U, lJ-l lj; 'w"a' 'L' ’\ol

buﬁ'ey
wFH in 'memm:( O'f cb

]Jj
:U: IJ'I IJ': lwl |a" 'l' '\O' 5\/ 5V 3\’
ch o 1 2 3 4 S5 6 7 g A4
tout << ch ) > I{U"wa.t > sbps affer 'l
because of '\0' chay
Ove'r-ffow—
char ch [4];
cin >> ) > U\U'wa.l,

cout ¢¢ ch ) —— C0mloiler De,f:enJe.nt'

sizeoje (chay a.waLj)
chay eh[]=" lffﬁwa-" "

tout << sizeof (cb) ;

> 7
L—» ¢+1

L— NULL chay



get Lne

Ciwn. 50’:&34& [_(,Lw.y a.wa.tj, mant chay write, delimeder );

choy  wheve 't'akl'vnﬁ ;’v;’owl: s{o)ozs </

‘93 Jelfa.wt‘b (\’Yl‘ _— evl-‘l‘;e"/
ex- cin, 8&&’-\4& (e, s50);

ein. ae%ﬂ'ne, Ceth, 50, ' ')y
Chay mrraué and oF«nbb'lm
L. poss loj 're)cerenoe-

fune ( chay b [1)]

Size ojE (i)

S;ZG—O'F ( chay) .
L

Si'ze o7c chay avvay —>

Some inbuilt —,anHo-w,s o,c chay anvay
strlen(ch)
shc,mr(dni, ch2);
S}”‘FJ Lectt, chz);



St -’na 8

? Da.‘ta.‘% Pe
Not DataStucture

— D\ynarm'c c‘wd a:rmj

L > NULL chay of last D'F S'{YMJ

/S“"'I'Vla st Y > e,w;r)bd &{'ﬁ'na &Yﬁa-‘bed-

Lin>7 S > UJ")-WM_

IU, 'j' IJ-, lw, .a, |L| l\o,

cout <€ Ay —— U\Uwa!. &4y

dewl'flé -
,é‘l'fiw.a ,&{'Y)

getline (ein, &fr);

chax ervay /541.'.46
chay cb L1001 = “B_abba-v”; sting st = “B_abba.v >,
Loui' << c.& , > B_Q_bba_y tout << &ty ,
L
cbf17= \0'; B_abba¥
Wied v [1]1= "\0";
= "\o',
cui . ’ s L61= '\O'!
@ e /B cout << £bv
. v L Babbay
shps  just ax it gets e “

NULL cbray Kuné Ll toe lena-f'et of .S‘Mna



Sort ﬁmc{im v Sl’rings' WS-LB

L s iorks m vandomised quick Sort

sting st = Y babbay ";

Sovt (44, begin(), 4t end ()); s aabbby
sovt ( sH. begial), sh. end(), grestex cetax> (1)
L vbbbaa
Custormn  Com Imm{w -
bool  cmp (chay a, char b)]
yeburm <6 > can be any —Fmalv'm
1 a:,w—fcln'na b meed
boe omrz (chay a, chay (a){
yebon  a>b
§
:n‘l: maivn [) {
shing st = Ybabbay";
Sovk ( stv. begin(), st end(), emp);
tout << At > aabbbY

sh;ua stv2 = "babbar";
sovt ( st Legim (), shend(), emp2),
tout ¢< sfr 2 > wbbbaa

Yeturn 0



Hask  Map > WILL LEARN
> Data Shucture LATER

> :Ja.‘é‘a. S“DYQA m ke\lj' value F‘U"(

In':b'oiu'zab'm
map < key datatype, value Ao.-l-aﬁﬂpe > 'YV\Af./M.GW\-e;;

/mala<ivl4:, choy > wm ! > ovdeved map
wmfol= "a'y

wm[1]="b",

wm(25]="2"}

cout ¢¢ mlo] > 'a’

out ¢¢ m [25]; 5> ‘2

cout ¢¢ wm[ 207, > M

— NULL chay

out <€ (iuk ) m[20];

audo keJ wotd

|—> finds  auto ma‘l'{mltj Aw!—o.{ype o‘f vaviekle



SYMBoOL TABLE Wé6-L1

s Dota Shucture

> Stoves MaPP;aa D‘F variable name and
> Dove by 0S

memory locobon  addvess

» endvies in Smeol table cant be c&ande.

A B
mt a=35; 5 SdmLoL [able
a An Mmame > aJJ‘reA/S
nt L‘; 5; 5 Q A)
b b As
A e_nh‘y o,)C a In sd'm(rml table
%  made
cout ¢« a)} —— 5§
R Addvexs O{’ OFem{w hexadecimal
/I\
tout <¢ ba }, — A, — address ojc
jable n
rout <c A L o ﬁz vay a

'mémﬂj

P, = At — becuse of (onScubive

vovieblex in memovy
mt da:f‘o-‘tjpe,
o-F a and b



POT NTERS

> stoves oddvess
> NOT a daJn{ijc, lust a vaviable
.Sf"DYl'wﬁ addvess of anothey  vaviable
;n% o= 5,’
int *Fl = da’ Pl 5 a f)oin—&‘y 'm-\‘ede.v c’arf‘a.{vjfe

int *Pl—

Sao,

B AN
. “ . .
5meo l ﬁTL PO'WRT RJJTCSS vaviable 4o whick

deveference e
]’om-le'( orena.‘lnv
GYC}""O’V\
.Srf’ll'wg s= " ({J\'J'wa.l 2327" ’
A’Y-'nd *FJY = 84
mt a=35;

nt *P'h'= s a;

tout << a, > S
(,ou.’t" cec * a; > ERQOR
60u.+ << 5 0-; > A;

tout << rh;—r A
tout << * ptj—> 5

wut <¢ A ph, — A,

orendw

Po?wl:ﬂ*( foiw‘:s

> F‘h s a ):o)n4€1 4o .shr'na olwl-a.{moe

SJM bol +able
nt a A

AI lv\+ * P"'Y H;_
S

)
As

\\/

J'us+ o visualize it
as poi intey

ot a Jere‘ftrenw
of&naJw



5 F}v _—5 aJJ-re/s/.s o-F P'h

> value at (addvess stved in 1047)
> devefevence ope)\ava

avelutechure Aefe,mlenf
. ompiley implementahon
Size of /oom-/-f“/ | 7 =P P

we.mo-rd 0\'8 anizahsn

.Sz'zcof (I,h)" —>L/9 > m'lm'js
64 bit architechore it stoves addvess,

Jaf"a.’bpe o‘o@S ’V‘D‘I' malfers
Use caxse O.F Fo;w&’(
—s J namic zyv\ew\o*lj o.“oCa.‘l')le

— 'w\emo-r\'j 'rwawma'me.n'f

—> Fo)w—’-e'( axiHimeh'c

N g° «)Qow: ovwe locabom 4o ofbery

> pass bj 'referemce. m aﬂa:j
> 4o cveate Foivn-lev o —chh'm
|—> fa.ss;‘wa a »][an#m imSide anothey

»ﬁmc‘l{m as  on a:raumem':

> VERY BAP PRACTILE
mt * f)ofy; _ s s, " Al
grentation f’m& gv
¢cc pli —— gu *pdy
Lou‘t f’ ’ a r




.041 f:a;m"s o a Memo‘xj locobonn Haod way mnot be b,F
s frroavo.w\
Seam entaob on 7[;.14 I+ -

|—> Miw(j othex's 'vwemotj

NOLL FPoiter
A g
iiM’ * Fh = 0; 0 0
* ok * pz
{inq‘-*r"‘fz = NULL, P
{iat * ph3 = onullph ; A3
(0]
cout << f"h’ y, ——> 0 *F‘H‘S

tout << *f)h; > ERROfla

wut << L b, ——> B foult

Prithmebe Tn Fointers

. A
.v\ =5; &
[ o 5717
A4+ o A + A +3 bas
- *f'h = Aa! Az a./-rean be aken
P 7 bJ ;n-l-edCY a,

r»h++} * ody

f S0 mexnt address

*f""**} will be A+4



mt a= 10; A ® 6 O A
- _ ' _'I__DII A
" Ph =40, o *pdv
® & &
a @ '*,94" *2
3a @ (*—F«‘y)ﬂ
f'h @ 44 (* pH)
*PJN @ a=att
4 phe ® wpt = Yph 42
® -x-r,;., = * f‘H * g
@ -\(—P'fy = *E+{
2
*(rh ++)
@ * (++ ptr)
nt o= 5;
int *r*x = a4, > ERROR
CorJiwﬂ a f)oin4€1 Py Az
. 5 [< A
nt o =5, a < *)’4”
wt * ph2 = ptr; A
{ r F ) 3 n’ AH
int * Fh 3= 0, *leyz o
F"'Y3= f’*’ 3 ”"’MLIB



ARRAYS f POINTERS W6—L2

mt ey [] = {10, 20, 30, Ho, 5o} ;

L s CONSTANT Poiw-l'e‘r b He ,f.'fs+ elewen + O-F a:r‘raLJ

cannot cfnanﬁe also does mot lLave .serula:l-e, mMemoary

s element at index 1 A
do | 20 | 30 |40 | 50
> aJJ'reSS a—f avy[i] ayy o 1, 2 3 4

> 1o Az\

cout << éaw[o]; — A
ph
> A

> arval mame Ua‘ve_s Base Addvess

avv[;}

& oxvy[i]

tout <c avy [o];

Ai

out << avvy —

cout <¢ fLoavy -1 A

—5 ewm SJ‘MBOI. table

>

Same aJJ-:ess unli ke fo'm'l-ev.s
Sjmbol, table

int *ph= avr Hpe mame  addvess
towt ¢¢ * ply; ——> 10 mt (*)[5]  avy A
cout << pir — A mt ¥ ph Ay
towt << bpbh, —— g

out << * anvy —_ 40

tout 2¢ * (A ayy)y —> 10

cout << * (4 awvr[0]), —— 10



tout ¢¢ Favyy 41, —> 11

lout << *(aw+ 1); — 20

out << ‘*(anr?-l» 2) . — 30

tout << avy [2]; > 30

out << afaw]; —30

avy [1] € > ¥ (a:r*( +(1) e——— i[aw]

ary ++) > ERROR > £n+l\\1 n Sjmlao'. table
F*Y ++ ) > cant be ceva.nae,

- You. cAan acecess .SuLfaﬂL of an o.'r-mj usinﬁ foi.ml-evs

tout << * (ph+ 2); ——> 4o

ut <¢ ¥ (Fah' +1o0), ——— av / seﬂmen"'a:"ﬁ'é\'\ ‘F‘LMHT/
out Df bound exrov
Awa.d.s / Aw«:j roin‘l‘e‘)’s Pointers //\loqma-l roin-(-e'r.s
nt avry []= fl0,20)3°}; int * P‘ff: avy,
(D tout << avy |, —— p, Same. @ tout ¢« PJY', — A d-ﬂ'
lout << Aayy; —,A,f cout << 5f+” ? Aq
@ avyy + +, » ERROR @ r+(++', VALID
@ g;,_eo)f (a:n),' — > 3*Yy=12 @ sizeof (’9#) 4 f

Size of addvess



mt 7 ri avy

mE ¥ P2

4 avy ) > ERROR 9‘”\37.

int ™ 03 = Laro],

CHAR ARRAYS A POINTERS

' Al
chay cb[] = "Babbay" g’

Ia..' 565 'b' Ia.' 591, |\°,

chay * ok = ch cb
P ’
Az
choxy ""F= 4 ch; — ERROR A
»

+
chay PZ = 8 chfo]; — valid F

tout << cb; —— > Babbay

—— not  an addvess

cout << P b Babbay
—|:: not an a JJ‘Y&SS
/ \l v

whole shina flowm  that cout imrleme_n‘l:a‘la'm

locadbon  undl NULL chav s Jdiff- in chav
roin—l-eu and chax arveys

cout << 8 ch; > A

lout ¢¢ ctlo]; — B

out <¢ & eti[o]; —> Babbav

wut <« *ptv; > B

tout ¢¢ AP'I'Y', > A,



il e——> * (b +i) e—— i[ch]

— ch, 4ehlol, and r‘h values ave oaddvesses
but  due b dff.  cout imrlemenh.#o'n m  chay  pointers

and chay a.‘fYa-U.S )

cout << ch , cout << &4&[’0] g.y\J aowf' <(Pon
will 81]/& Bobbay

cbhay e [1= "Shevbano”,

clav *r)l‘v = cfd,‘

cout << cbh >  Shevrbano
Cout << * ol > S

tout ¢c Beoh; s A,

out << * (b $+3), ——> 1

out << fh > > Sherbano
ut << Sptr; > A,

wut <« F(ph+ 3] ——> 4

cout ¢« phr 2] s evbano
cout <« Fpb ] > S

v

out << ph +8; " > NULL chay

cout << fh+Q', > §v




cout << chlo]l; > 3
ut << 4 chlol, > Shevbano
cout <¢ 8 (* b)), > Shevbeno
CHAR AND POINTER
chay ch = 'k';
chay * rJ-f = 4dch;
oou.": ¢e ch 5 > Kk
cout << £ ch, > k....-
—— av
> Fvivrl— unbl it ael’s \o'
Cou.‘l: << F"’Y; > k..... .
— gv
tout << & ph; > Ay > print unkl i3 564’5 '\o'
tout << *f:h; > k

Behind The Scenes

GLO'Y ¢£\£iD] z HSQ_bbaY ";

L—— 2 step process

D s [a]% [ e | a0
dem
P rnemo\:j )U’fﬂ

@ e[| | a]n]ols]gv]s]
ch




char * L = "@Babbavy'

|—> 2 step process

A

@ ‘B |'a’|'b'| 'k ['a’|'n'|"\0’
48MP memoty

@ A,

* b

s ,Doivr,'E'Y foiw+$ $

dewn Fova:r\y mewm ov:j
!

BAD PRACTICE

POINTERS WITH FUNC TIONS

> f)a.SS bj va,lu.e,

o LoF\lj 01& Pofv/l'kY 73 fynaJe

> but  Simulafes Fa.ss bj Tge'reww
|_)> as In 48 o,)c a*rra.\t]s A /ﬁl.ﬂt/b'm

/——> Foim+e.1 s ra.ssd
int af;.unc, ( int aw[']){

As
. A
put << arv; > A "
- . avy
cout ¢ Bavr; > ha s cveated
wut << sizeof (a3)] > 0



int «J';.moz ( int *ary )i > Po'ka is rassecl

wu_—t' << D.‘I‘{; > A, Ag A
I
tout << > ayv > 10 a
avy
cout ¢c Bavr; > As wopy of pointer
wwf << Sl'ze.o-f‘(mrw); s §
14 ove.wl-&l
' Al
int avy [8] = [10, 20}; avy
ut << ary, > A
tout << ¥ ayy > 10
cout ¢¢ Lavr, > A
wu‘f << Sl‘zeo-f\(aﬂ't); _— S#*4= 20
,Cmc (avv);
ijc (0.1'7 2);
veturn 0;

whole array will wot  pass

o'nl\tj avvay Foin#.v / base addvess will pass

pass by veference | N
copy of Foin-kf Fo'M‘an 4o base addvess will be crex



mt  wmain () { void urc‘a."e (int * P p) {

int a=z7; *p=*p +10,
int * ok = ba @ pHts
update (pt); |
yehion O As A
: *p
A - ,_(_A, a “(A)) = *(A) +10
o *,;H *(A)= 7+10 =17

6= 17

Funchon b Fojnters in UMW

Basic Matbematecs »Fo-r DS A W6-L3 R

Sieve o)c Evotosthenes Theovem

L > b JC'“J mo. o-fI F-n'm¢ mumbers tetween 1 & m

(S—IEFS" /_> seive

s make an arvay oF size M and

mark Hem all as F‘n' mes

s Stavyt from 2 £ enJ, mark ol w0 72
omes " +51e, —l-able, o-f 2 aSs N Fﬁm&

> Do above step fo vumbers 2 4 < if

—Mej aye  wavked P'n'me,

——— Lount  all ')’evnm'nj warked f"ffw\e, mumber.s



it ount Primes ( iat ’M){

i,)f (mec=1)
yeturn O,

vectoy <int > isPime (m, ')"Yue)',

iéﬁﬂ.\mef [0]= 1is P"{ime, (1] =0; // -wlakl'na Loth O
I<n

int ang =0; /—,s i
- & ofbimize. T. C.

for (int =2 i¢n; itt)] a8 20 ko (-1)*i ave

' - a
almij mavked when
= 2 o (;—/)

,',)C ( /& FBime [i1){
ans ++,
7@1[ int J: 2%, J'c-n,' J'+= i)
1&Frime [j1 = false,
3
t

yetuyn ang)

TC - O (v ™ log Llogm)) sc- 0(m)
'“[T;‘_+ L - ]

Same with $eamen-l-e¢1 Sieve — &o.vina Bn'afn S low



GED[UCF and LCM

>("7ea.-[-e/5+ Lormmen Divisoy
A 8cJ(A,b) = ﬁCA (0.'6 ' b) a?b
8cd(4,b)= 3c¢1(b~°~, a) bra

8::4(4, b) = ﬁc,a((a'/.z,, b) as>b

8cd (ay b)

ﬁC—A(b'Aa,a-) 670.
Use ]q'vs—l' metod as 1 s C.epu:j o’Deono-r

and com)ou'fé'-’f tokes move Hme

— Ludid Afooﬁ-w\ ™

Af Flj above ,)%1 wula Al one 0')[ +he Fawame,-’-e'v

becomes D

And othey eme will be GCD
it ged L imt 2, int b) {
if (a==0)
vetuyn b;
else ;—f (b==0)
vehiyn al

while L a>0 §8 b 2001
if (a>b)

a:a.-b',

else
b=b-a)



velumm (@a==0)% b ! a
TC- OC'YWiV\(a'b))

LCM
Lem ™ acé = a™b

lem = a™ b
3“(

Modulo A mehc

> Lo, m)

—> a /- m

—> (@t b) 7 m = (alm) + (bl ™)
(a-6) /. m = (a/.m) - (b m)
@*b)/ m = @/ %) ™ (b w
(..(@f7")..fm) = afm

Fast Eurone.n-b'ai{m

b is even

b

i5

odd



mE jca.s% E'xronenﬁab'nm ( imt a, imtb)i
int ans= 1,

while (‘9){
if (b4 1)

916“‘\4171 ans

¢

J'rj qun  wde o 2° n'f wansion

TC. - O(loa'n)

leaxn wild , void and Janalinar roin-l-e'rs ﬁmm deshboard
«f—!ev f.e.mrn}na JJ namic.  allocaben



MULTI LEVEL POINTER

Wé-L4

int a= 95,
int *Ph = & a
int *F}fz = A FJ-« — double Fo'MJ-EV

|_> nyz 5  a ’poin-,-h' o it ™ dota

ik **¥ oh3 = 8 ph2,
L FH.? 15 a Foi«rk"f o it ¥ Jor

AI ﬁ:-
s |le& —~ A
17} *FJ.,
a > 5
da — A

AL a—s ERROR

P'fYS > flz
-x—F,Hg >A2

A A
e———~ [ o, le— | Aa
* ¥ oh2 ***fwh’f%
fh — A, FHZ — A,
dptr — Ay bptrz — As
‘*‘01“1 — 5 T2 — A,

**th—y 5

a.ﬂolg Jeve«fevem,e, ofeva-fmr 2 4dmes

> A

> 5

I A ¥ +V3
Jo



it  ain (){ void afuwcﬁ inf ¥ ¥ f){
mt a= 5, @(*—*F)_H,.,
mt ¥ ok = A«a.',
wt T phz = dpt B P+

n(.( ‘I'Yz)“
jCA F both ave }
neturn O S
! func (& ph;
Ay
Az
A' **P @
5¢|0
a
A, s
A
-x-r,;, j @
A
3 A,
mt a=9%5)
mt *P= &a-,
L X > ERROR

Q=P




REFERENCE VARIABLE
> alievnate o-F fo'w\-f-ef.s

> Jaff mames o‘F same varjable
I—> Samé M&MO‘YJ LoCa.bcM.

> Oﬂlj new ewkj m .SJMLDL '{:‘a'a’.?_,

o othey memovy will allocete

> ¢an  awess a  variable by Jiff mames

twt a=5; A’ s‘jmkol Table
int A’o = Qa, > o A

a, b b A
Use Case

> "r'e_)ce'ye_n(,e, vastioble ecant be get o NULL

Faiw-}ef/s can be set 4 NvULL

So move sa{e/{y in 'ybfere,nc,e, veriable
ﬂlwaJS Fo;n{'S b velid o(oJeLf /va.Yia-BLe,

— roinkf,s are JiFF.'cu.l-l— +  understand

m™ore 'Yea.cla.fafl“j m wfevenw vaxiable

> ae,ne,mllj used Ao )mFLemeni' pAss BY
REFERENCE comcept



PASS BY REFERENCE
>'re,»fe-renoe, vavioble I:o.ssazs in ofmo«lﬂm

> does not c'rea:ée (,o,)j

int main () {
void dade ( int
nt a=5; :Z")r. 8201
updadte (a); t ’ pAss BY
lA-PJa.-l-eZ (82); REFERENCE
b *FH___ Lo’ Void uf)da.482( int *f’){
//L«fJa-‘lﬁ3 ( 4 a); —>ERROR @ (* p) 44, PASS RY
U-r-’a'a-‘le3ﬁr241), w:lljl'a.?'& } VAL VE
‘ne/[u‘rv\ O, pass bj Az
vefevence A
P
A - .
: T‘ void uf}cla-l-é's (int * AF{——){
@ 7 @ (*Pf)'f'-r',

A: >&_}
A, Ay
2




RETURN BY REFERENCE

—> nedurn a vaviable , mot a value

— To iMFLemeni' oatleast 1 o—f 2 wonditoms
wus ¢ be true .

1. chSS ina a 'refe'renoe, vaviable

2. Fo.ssinj a aLoLai vayiable

Fass;na a w)Qvena, vayiable

int  maim ()] mt & vef (vt 81)1
mt a= 10; netuwn i

nt Ab= a; }

nt A4d = W]C(“-);

%el-u-rn 0 ’



10

104+—>20

21
a,b,i,d

21
a,b,d

20
Az
20+— 21
n
Az
21 +— 22
n
A, Az
22 zj_
x c
A, A3
22 zJ_
n




’passiwa a 6lpbal vayiable

mt AH=85)

int maiM\> nt 4 Ye]cl){
"r%e )= 1o, peturn 20,
\

\

= =10; int '{G/fz,(){
vef 2() = 20, —>ERROR ; vehovn 2L
~eturn 0
5 >'2re'{'u"(nin0 o value, mot varieble
A 10 = 20,
5 J—>do L that's why ERROR
K

pass bj value  but  vyetuwn lod Te,j"e,*renc&

int i (3] — int & vof (iat temp)l
it a= 10; B8AD PRACTICE ﬂe,‘l’V-YVl Mr,
. J
mt b= a; ERROR t

're‘l'uvniwa a Vaviable stored

n -(emla m'a.vj 'memo'rj



mt ¢ = he-f[O-)',
int 4d = 'ref(a)',

seturn O;

lets assume 1t will leawm, +hen s  would @ta/;ren

Ai Az
10 20
a,b 2
/h Ax A3
i 20— 21 do1—> 20
weo tomp )
Joomn vef () T
Ai Az A3
1o 241T—> 22 _'LO\——> 21
e : tomp ) /
oo vef(r) T
A Az As ﬂ;.,
10 22 10\ 10
e h ¢ temp
from —{'em,pa'mvj
wemovy N\, lose value can be
BAD PRACTICE ¢ change before

ass n'(j-n ment



A' Az A3 Aq
10 22 10 40

» b *
? ¢ ‘l‘ewlfac!

d ( vaviable olc mmain vefevs b a L/

-lemfoqfo-rj wemo‘rj )
;> BAD PRACTICE

e Similam
DoN’'T Do THIS Hay , 47113

AT HOME <\
\%
IMP QUESTION

int main () { mt " solve ()i
nt * P}( = Solve (); mt a=35,
~veturn 0; ;"'('*P:&a-;
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